







Advances in Artificial Life - Proceedings of the 7th European Conference on Artificial Life (ECAL)
Publication date:
2003
Link to publication in Tilburg University Research Portal
Citation for published version (APA):
Vogt, P. (2003). THSim v3.2: The Talking Heads simulation tool. In W. Banzhaf, T. Chistaller, P. Dittrich, J. T.
Kim, & J. Ziegler (Eds.), Advances in Artificial Life - Proceedings of the 7th European Conference on Artificial
Life (ECAL) (pp. 535-545). Springer.
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


























Ä¥Â ;d¼6Ä×ÈJÇv1sÇx½)ÊJ¼v14ÈÉM½½)Âª¿z½ÈdÄ¥:TÂ6½¿ü;d9 ÈG;E3v¿zË Ã1sÊEÄ¥9T3vÈ.1TÈÇx½Å;EÈ.9sÁ":TÊd9T36Âv¿z½[¿ü5¥½)èzÄ©Å)94Â
ÁÍ94ÊEÆ1s;dÄ©94Â~Õ

 Â6½94Á";d¼6½çÆ9TÈ;.Á14ÆÄ¥5©Ä©14Ê.½)èzÇM½ÊdÄ©Æ½)ÂC;EÈJ94Â5¥½)èzÄ©Å)94Âæ:TÊd9T36Âv¿zÄ©Â6:yÄ×È;d¼6½¦þÙ sÜõß ñ





















































\ ]({CY T_GH]PYBdDFIO BV})WIWZY?LxkaQ ^`_a=bdcfeV_ahgjilk=mn+aVbdcfe=_po9irqtsV_Te=ougUilkwvFixb4iln+y_Tehg
e v=zr{d\
}=C? FDGOæUnY^|C}N[YEOæ«ùUX{TFIBd{ }_GY H[=TWIf }Vb[})FIW¥})^CWIY FI=~}¨ATDGB{ «ùBV}=^zY K©H[AT=@? H=
{DeDG hVU2U2USi HAMi =CWLWZH=si


































 @4<=H> @ @ B9GCh@ 










" 8TGC=: >F8;8$#2CV>FG/HC=@ 

















½1TÅ¼ÁÍ½1s;d36ÊE½RÃT½ÅV;E94Ê E ¤Èd3vÅ¼;E¼v1;a;d¼6½SRX3MÅ5©Ä©¿z½[1sÂ¿6Ä©È;E14ÂvÅ½&JKJ E  < H H$JLJTÄ©ÈaÈdÆ145¥5©½È;Õ»¨¼6Ä×ÈSÄ©Èa;E¼6½NMOeßjÚ ò Úà ßjÚÜ ñP ðÞó òP ÞÞ[ôàÚ ò Ý P Ï ýÓ>Õ




¼v14È$;d9&Éx½½èzÇv14Âv¿z½¿ ØgÈ½½ R¿614Çz;E1s;dÄ©94ÂMáÕ 
 ;d¼v½)ÊEÔSÄ©Èd½4Îj;E¼6½¿zÄ×ÈdÅ)ÊdÄ©ÆÄ¥ÂM1;dÄ©94Â :C1sÆ½





Ñ4Õ " GI@  : >F8  PÁX;E¼6½:T14ÆJ½JÄ×È,1Á1sÄ©5¥3vÊd½TÎM;E¼6½94ÂC;d9T5¥9T:4ËçÄ©È,½)è@ÇM1sÂv¿z½[¿ÀÔSÄ¥;d¼ 1Âv½)Ô
Å)1s;d½:494ÊEËJÁÍ94ÊSÔS¼6Ä×Å¼;d¼6½,ÁÍ½1s;d36ÊE½Ã4½[ÅV;d9TÊ E  9sÁ¤;d¼6½,;d9TÇ6Ä×ÅlÄ×È¨3vÈd½¿ç14ÈS14Â½èz½Æ.ÌÇ65×1sÊ[Õ





H Q  Ø- Q á 4 H Q E 
 Ø Qá  Ñ
ØGÑcá
eÂ;E¼6Ä×È½[øC3v1;EÄ¥9TÂ  Ø  Q áÄ©È;E¼6½"ÁÍÊE½øC36½ÂvÅËÔSÄ¥;d¼ÔS¼vÄ©Å¼çÅ)1;E½):T94ÊEË Q Ô¨14È3vÈ½[¿14ÈS1¿zÄ×È;dÄ©ÂvÅV;EÄ¥ÃT½Å)1;E½):T94ÊEË4Õ


















   »¨¼6½¼6½14Êd½ÊÄ×È¨Â694;aÄ©ÂzÁÍ94ÊEÆ½¿ç1sÉx943z;a;d¼v½l;E94Ç6Ä×ÅsÎzÂv94Ê¨Ä©È;E¼6½$È3vÅÅ½[ÈdÈa9sÁ¤;d¼6½:C1sÆ½
½)Ã1s5©3v1s;d½¿~Õa9s;d¼À14:4½ÂT;ÈS14¿614Çz;S;d¼v½)Ä©ÊRÈdÅ)94ÊE½È¨Ä©ÂÀ1Ôa1cË;d¼v1s;"Êd½5©1s;d½ÈS;d9 ¨1cË4½[ÈÄ×1sÂ
5¥½[1sÊEÂ6Ä©Â6:vÕ
R14Å¼&14:4½)ÂC; I) ¼v1TÈl1Ç6ÊdÄ©Ã1;E½5©½èzÄ©Å)94Â 	     CÕ5¥½)è@Ä×Å)145½5¥½ÆJ½ÂC;
  Ä×ÈS¿z½)¾vÂ6½¿1TÈa1;dÊEÄ©Ç65¥½);RÅ9TÂT;1sÄ©Â6Ä©Â6:.1JÔa94Ê¿  Î61.Æ½14Â6Ä¥Âv:  1sÂv¿ç1sÂ14ÈEÈd9@Å)Ä©1s;dÄ©94Â
ÈdÅ)94ÊE½  Î4ÄgÕ ½4Õ  	     ! Õ Ô9TÊE¿.Ä×ÈXÅ9TÂvÈG;EÊd3MÅV;d½[¿.ÁÍÊd9TÆ Ña;d9âÅ)94ÂvÈd94Âv14ÂC;ÌPÃ49Ôa½)5
Çv1sÄ©ÊEÈÎxÔS¼6½)ÊE½;E¼6½JÅ)94ÂvÈd94ÂM1sÂC;EÈ"14Âv¿ÀÃT9Ô½5©Èl1sÊE½$;E14ë4½Â&ÁÍÊd9TÆû1:4Ä©Ã4½Ây1s5©Ç6¼v14ÉM½);Õ ".»¨¼v½
ÆJ½[1sÂ6Ä©Â6:CÈa14Êd½Å)1s;d½:494ÊEÄ©½È2;E¼v1;SÔa½)ÊE½l3MÈ½[¿Ä©Âç1.5©14Â6:43M1s:4½l:T14ÆJ½1;S5©½1TÈG;¨94ÂvÅ)½4Î@ÔS¼6Ä×Å¼






ri })WZW ]nU(H"})N[Y=DGO¤})_GY2_}=C?TH[$WfROeYWIYBEDGY?,K©_GH[ DG{TY2zH[CATWZ})DGFIH[=$\[H[=CYX^zYBEH[$YO8DG{CY
OezYV}=[YE_(\4DG{CYaHDG{CYd_^zYEBH[$YOX{TYV})_GYE_çi





usi })WZW ÀOeYEWZYEBEDGOa})=& ('  }O2DG{CY¨DGHCFIB*),+.H)K8DG{CY¨WZ})=CN[AC}NYRN[}$Y[i





5 i })WZW ¦4_GHs?TACBEYOJ})=üATDeDGYE_})=CBY768:9  \¤UX{CYE_GYDG{CYUnH_?#9  FIOK©_GH[ }WIYEo4FIBV}W
YWIY$Y=D
; '=< +ÀK×H)_$UX{CFIB{?>  @23}=C?BA 
C AEDK©H_})WZWXH)DG{CYE_$YEWZYE$Y=DGO
; D 'F< + K×H)_lUX{TFZB{G> D H2 3 ij<gKX=CHOeATBd{çYWIY$Y=DRFZORK×HAC=@?6\8}=TYEU YEWZYE$Y=D
;IKJL9M23NGqO qsrP¨FIO"}[?C?4YV?DGH.DG{TY,WIYEo4FIBH[= < + \6UX{CYd_GY9 FZO"}=CYEUXWfFI=sbcY=DGYV?
U(H)_?vi)]({CFIOjBEH[=COPDe_GATBEDGFIH[="HBBA4_GOjH[=TWf¨UXFDG{l}2BYd_eD}FI=Zo e	Q`kR4nQ ila=bdcfe=_MSTQ`e q a q cdg c bdz
VU is<gKM=CHRATDeDGYE_})=CBYFIO(T_GHs?4ACBYV?6\cDG{CYWZ}=CNA@})N[Y¨N[}$YK×}FIWIOX}=C?OPDGHCO({TYE_GY[i
W i })WZW Uü{CYE=M\4}=C?FKg\$®_GYBYFIbcYEO(DG{CYaA4DeDGYE_}=TBY6M\sFID(CWZ}fTOnH[=CYaH_2$H)_GY¨?TFIOeBE_GFI$FI=@}|
DGFIH[=Nc})$YOis<gKvFD2?4HYOn=THD s=THUìDG{CY2DGH[TFIB[\4}O¤FZO¤DG{CYXBV}OeYFI=DG{TY  ª}=C?­$ l\
FD,?4HYOROeHK×H_lYbcYd_efX '  ,ix]({CY_GYOeATWDGOlH)K2DG{CY$?4FZOeBd_GFZ$FI=C})DGFIH[=&N[}$Y ^õO+{¨FIO
OPDGH_GYV?.FZ=DG{CYS?4FIOPDGFZ=TBEDGFIbcY¨BV}DGYN[H)_efOeYED1YJiT<gKZY[#\4\4DG{CYaW¥})=CNA@}NYSNc})$Y¨Kõ}FIWIO
}=C?.OPDGH[TO{TYE_GY[i
] i })WZW <gK$Y_^`\s\¦De_GFIYOxDGHXFI=DGYE_GT_GYdDxDG{CYATDeDGYd_}=CBEY¤^fSOeYV}_GBd{TFI=CN}="YWIY$Y=DZ; a'&<cb
K×H)_RUX{TFIBd{X9  6x\d> 1' Y }=@?eA C AND$K©H_RHDG{TYE_"YWIY$Y=DGO; D 'B<cb UXFIDG{
9(D&[6À})=@?X>D ' YJi8]({TY$H[^]PYBdDlDG{C})D"U2})OlBV}DGYN[H)_GFIOeYV?çUXFDG{G>  ^zYBH$YO
f ODGHCFIB1)bSiT^õ<gKdùU2}O¤FI=TK×H)_G$YV?$}^zHATDDG{CY2DGH[TFIB})OnFI=$zH[FI=Dg-4\E®BV}=$H=CWf
£@=C?.H[=TYS})DGB{CFI=CNRYWIY$Y=D})=@?.DG{TYS}^zHbcY¨OPDGFIWIWx{TH[WZ?TOi {
psi /%/ <gKV NACYOeOeY?R}(DGHCFIB[\FDjFI=TK©H_G$OhUX{CFIB{RH^]>YBED8FDxN[ACYEOeOeYV?vi	.b[YE_GF£@YOvUX{CYEDG{TYE_
DG{CFIOXFIOXDG{TY¨OG}$YDGH[CFIB"})=@?.4_GHb4FZ?4YOi UXFDG{ n e	QjQ iln bdclk=igmwi ilk q a n+s)i@<Kh) + F),b¨\






;  ^fGA  sr&t
A du rvwr6\zUX{TYE_GYr ' JÍqOrxPaFIOS}.WIYV}_G=CFI=CN.@})_})$YEDGYE_N^Í}D"?TYdKõ}ATWDMrq qO p {di
<>=ç}[?C?4FDGFZH=M\MDG{CY}OeOeHBEF¥}DGFIH[=ÀOeBH_GYEO,HKXBEH[$zYEDGFI=CN.YWIY$Y=DGO; D })_GYWZ})DGYE_})WZWf







;|8JL6|,23EGqN q4rP2DGH <cb i@<>=.DGAT_G=M\TyWIHVU(Yd_GODG{CYR})OeOeHBFZ})DGFIH[=OeBH_GYRHK8DG{TY"ACOeYV?






rVqsi /%/ ^zYY= FI=C?TFIBV})DGY?^f?(in|aH)DGYJDG{@}DDG{TY7  Kõ}FIWIOFIK)+K^ ) b \¤UX{TFZB{ FIO$DG{CY
BV}OeYUX{CYE=  ?4HYOJ=THD s=THUs6æH_.UX{CY=üFD$FIOeFI=DGYE_GT_GYdDGO 6xin<>=üBV})OeYf
$FIOeFZ=DGYE_G4_GYEDGOZ6x\[FID})WIOeHl?4YBE_GYV})OeYO8DG{CYX})OeOeHBFZ})DGFIH[=OeBH)_GYH)K@DG{CY2ATOeYV?lYEWZYE$Y=DVi




;  K×H)_2UX{CFIB{ 9  #6}=@?0> Z' Y7{di4<KMDG{TYE_GY¨FIOX}R$Y}=CFI=TN > ' Y DG{@}D2FIO2=CHD
fYEDWIYEo4FIBV}WIFIOeYV?v\zDG{TYR}OeOeHBFZ})DGFIH=f;|P 6|>XeqO q4rJnFIOa}?C?4YV?JDGH < b £T_GOPDVi6nHS|
zYEDGFI=CN$YWIY$YE=sDGO2DG{C})DXKõ})WZWxH[ATDGOeFZ?4Y"DG{TYSOeBH[zY"H)K( ¦}_GY"W¥}DGYE_}WIWfFI=C{TFI^CFDGYV?})O
^zYEK×H)_GY[i
  T @¢  OeBH_GY |^C}OeY¨?4YOeBE_GFITDGFIH=H)K6DG{CY2DG{T_GYYWZ}=TN[A@})N[YNc}$YEOis]({CYX£C_GOPD¤BH[WIAT$=$=4ATS|
^zYd_GOnDG{CYOPDGYCOD}=cYE=M\cDG{TYaOeYBH=@?$BHWZAT$=FZ=C?TFIBV}DGYOnK×H)_(UX{CFIB{Dgf4zYH)KxN[}$YDG{CYOPDGYCOn})_GY
})CTWZFIYV?6\@})=@?.DG{TYa£@=C}W6BHWZAT$=?4YOeBE_GFI^zYOXDG{CY¨OPDGYvi
Êd½)ÁÍ½)ÊEÊd½[¿;d91TÈRà)ÝÞ ò Ú Oðcà)ÚôÎ6;d¼6½9s;E¼6½)Ê"1TÈ,ó@à  ñ ÚOðcà)ÚôÕv»¨¼v½¿6ÄUKj½)ÊE½)ÂvÅ)½ÔSÄ¥5©58ÉM½Æ14¿6½
Å5©½1sÊ"Èd¼69TÊ;E5¥ËTÕ a;S;E¼6½È;E1sÊd;S9sÁ21sÂ1s:T½)ÂC;= È¨5¥Ä¥ÁÍ½;EÄ¥Æ½% 	 zÕ
Q,Ä¥ÃT½)Â ;E¼6½ü¿zÄ©ÈEÅÊEÄ©ÆJÄ©Âv1s;dÄ©94Â :C1sÆ½14Âv¿ ;E¼6½ 5¥½)è@Ä×Å9TÂ~Î;d¼6½ªà)ÝÞ ò ÚOðcà)Úôy5×1sÂv:43v14:4½
:T1sÆ½[ÈS1sÊE½lÄ©ÆÇ65¥½Æ½)ÂC;d½[¿ç1TÈ¨943z;E5¥Ä©Â6½[¿Ä©Â&»¤14É65©½JÑTÕ




ÎMÔS¼6½)ÊE½  Ø	 /Pá¨Ä×ÈS;d¼v½3vÈE1s:4½,ÁÍÊE½øC36½ÂvÅË9sÁ(;d¼6½.Å9sÌP9zÅ)Å)36ÊdÊE½)ÂMÅ½9sÁ8Ô9TÊE¿¦14Âv¿Æ½14Â6Ä¥Âv:   ÕC»¨¼v½R¿z½)Âv94ÆÄ¥ÂM1;d9TÊX9sÁj;E¼6Ä©È½øC3v1s;dÄ©94Â  Ø	láXÄ×È2;E¼6½"3vÈE1s:T½ÁÍÊd½[øT3v½)ÂvÅ)Ë9sÁÔa94Ê¿ù¿zÄ×ÈdÊd½:T1sÊ¿zÄ©Â6:ÔS¼vÄ©Å¼ÆJ½[1sÂ6Ä©Â6:Ä¥;¨Ô¨14Èa3vÈd½¿~Õ6»¨¼6½$¿z½)Æ94ÂvÄ¥Âv1s;d9TÊ
Æ1cËÉM½&9TÆÄZ;d;d½¿ É@Ë ;d¼6½À¼v½1sÊE½)Ê 1TÈÄZ;9TÂ65©Ëæ;dÊEÄ©½È;E9üÄ¥ÂC;d½ÊdÇvÊd½);9TÂ6½&3z;d;d½)Ê1sÂMÅ½4Õ
»¨¼6½ÈdÇM½[1së4½Ê¨Î¤¼69Ô½Ã4½ÊÎÅ)94ÂvÈdÄ×¿z½)ÊÈ¿zÄLKx½Êd½ÂC;Ô9TÊE¿vÈ$ÔS¼6½)Âæ;dÊEËCÄ©Â6:;E9ÀÇ6ÊE9@¿63vÅ½14Â
3z;;E½)Ê1sÂvÅ)½4Õ
»¨¼6½XÔ¨1cËR;E¼6½3vÈE1s:T½(ÁÍÊd½[øC36½)ÂvÅ)Ä¥½[È  Ø	 Pá1sÊE½236Çj¿61;E½¿1s;~;d¼v½½)ÂM¿$9sÁ61"5×1sÂv:43v14:4½:T1sÆ½"¿zÄLKj½)ÊÈ(ÁÍ94Ê(;E¼6½R¿zÄLKx½Êd½ÂC;X:T1sÆ½[È)ÕMv94Ê(;E¼6½ 
 Q 1sÂv¿ QNQJÎ  Ø >á2Ä©È2Ä©ÂvÅ)Êd½[14Èd½¿ÉCËÑ94Â65©ËlÄ¥Á6;E¼6½a1TÈdÈd9zÅÄ×1;EÄ¥9TÂ,Ô¨14È3vÈd½¿$Ä©Â.1"Èd3vÅÅ½ÈEÈÁÍ365T:C1sÆ½4Î[ÔS¼6Ä©5¥½  Ø,á~Ä×ÈÄ©ÂvÅ)Êd½[14Èd½¿ÉCËÑ"½Ã4½ÊdËC;dÄ©Æ½S;d¼v½lÔa94Ê¿ ¦Ä×ÈX3vÈd½¿~ÎC¿zÄ×ÈdÊd½:T1sÊ¿zÄ©Â6:;d¼v½l:C1sÆ½ ÈÈd3vÅ)Å)½ÈEÈ)Õ?M69TÊX;d¼v½S/QJÎ
;d¼6½ç36Çj¿61;E½Ä×ÈJÆJ9TÊd½çÅ9TÆJÇv5¥Ä×Å)1s;d½¿9 Ä©ÂvÅ)Êd½[14Èd½È.ÉM94;d¼  Ø  á.1sÂv¿  Ølá.É@Ë ÑÁÍ94Ê;E¼6½Ç6ÊE9z¿z3vÅ)½¿ 3z;d;d½)Ê1sÂMÅ½ nÎ¤1sÂM¿! Ä¥ÂvÅ)Êd½[14Èd½È  Ø"   á$1sÂv¿  ØláÉCËªÑÁÍ9TÊ½)Ã4½ÊdË$½5¥½Æ½)ÂC;2ÔSÄZ;E¼  " 1sÂv¿   )$#&Õ lÈ(Ä¥Â.;d¼v½¨ÈEÅ9TÊd½)Ì>ÉM14Èd½¿Z/QJÎc;E¼6½"14ÈEÈd9@Å)Ä©1s;dÄ©94Â
ÉM½);GÔ½½)Â ª1sÂv¿%  )%#®Ä×È¤1T¿6¿z½[¿;d9R;d¼6½a5¥½)èzÄ©Å)94Â$¾vÊÈ;¤Ä¥;nÄ¥;n¿z9@½[ÈÂ694;¤ËT½;(½èzÄ©È;EÈÎ[ÔS¼6½)ÊE½
Ä¥Â6Ä¥;dÄ×1s5©5©Ë  Ø&*  á ®Ò6Õ(Ø R9s;d½;d¼v1s;lÁÍ9TÊ";E¼6½ IQJÎv;E¼6½.½[øC3v1;EÄ¥9TÂÁÍ94ÊÅ)1s5×Å3v5©1s;dÄ©Â6: Å)1sÂçÉx½$Êd½)ÁÍ94ÊEÆ365×1;E½¿Ä¥Âç;d½ÊdÆÈ¨94Á¤;E¼6½Å9TÂv¿zÄ¥;dÄ©94Âv1458Ç6Êd9TÉv1sÉvÄ¥5©ÄZ;GË'Ø,J lá¨;d¼v1s;Î6:TÄ¥ÃT½)Â
;d¼6½$9zÅ)Å)36ÊEÊd½ÂvÅ½,9sÁ Î6Æ½14Â6Ä©Â6: ÷9zÅ)Å3vÊEÈÎ6È½½ÏZÑ[åÓPÕ á
( C=8?>FGC=8 S  8TG>FB9@ B  
 S 8  
 Â6½.Ä¥ÂC;d½Êd½[ÈG;EÄ¥Âv:14ÈdÇx½ÅV;9sÁÈ;d3M¿zË@Ä¥Â6:5©14Â6:43M1s:4½½)Ã49T5¥36Ì
;dÄ©94ÂÄ©È"Ä¥Â@Ã4½[ÈG;EÄ¥:C1;EÄ¥Â6:¼69Ô¦;d¼6½5©14Â6:43v14:4½,9sÁ(94Â6½$:T½)Â6½ÊE1s;dÄ©94ÂçÆ1cËÉM½;dÊ1sÂvÈdÆÄZ;d;d½¿;E9
;d¼6½Â6½)èC;:T½)Â6½ÊE1s;dÄ©94Â~Õj»¤9È;d3M¿zË&;d¼vÄ©È$1TÈÇx½Å;Îj;d¼v½ P;E½)Ê1;E½¿X~½14ÊdÂvÄ¥Â6:&9z¿z½)5"Ø  X yá
¼v14ÈSÉx½)½ÂÀÇ6ÊE94Çx9TÈd½¿Ï é6ÎdêsÓ>Õ  ÇM9TÇ6365×1;EÄ¥9TÂçÄ©Â;d¼v½  X  Å)94ÂC;E14Ä¥ÂvÈR1:4ÊE9436Çç9sÁ*)!1T¿z365¥;
1s:4½ÂC;EÈ14Âv¿æ1y:4ÊE9436Çü94Á+) 5¥½[1sÊEÂ6½)ÊJ1s:T½)ÂC;EÈÕ¤»¨¼6½14¿6365Z;È¼M1cÃ4½Çv1TÈdÈd½¿;E¼6½ÈG;1s:4½9sÁ
5¥½[1sÊEÂ6½)ÊÈ14Âv¿ 14Êd½çÈ36ÇvÇM9CÈ½[¿ü;d9¼v1cÃT½Æ14È;d½Êd½[¿ ;d¼6½ç5×1sÂ6:T3v1s:T½4Õ¤»¨¼v½5©½14ÊdÂ6½ÊEÈ.5©½1sÊEÂ














È½);Ä©Âì»  @Ä©ÆçÎ¤1sÇv14Ê;lÁÍÊd9TÆ';d¼6½¿z½)Á1s365¥;È½);;dÄ©Â6:CÈ,1TÈÈ¼69ÔSÂìÄ¥Â MnÄ¥:MÕ(Ñ4ÕDJ ¼6½)Â3vÈdÄ¥Âv:
» @Ä©Æ ;d9lÄ¥Â@Ã4½[ÈG;EÄ¥:C1;E½Å9TÆJÇv3z;E1s;dÄ©94Âv145T½)è@Çx½)ÂMÈÄ©Ã4½Èd½;d;dÄ©Â6:TÈÎcÄZ;nÄ©È¤ÔSÄ×È½;d9ÈG;1sÊd;¤» @Ä©Æ
ÔSÄZ;E¼6943z;S;E¼6½$3vÈd½)ÊSÄ©ÂC;d½)ÊdÁ14Å)½4Õ
 69GC @ <Ch6 8;@4B :98?B9H8 
OE T,8?>FH8$T9C=:9G B 
O@ <h8 













ö ÞsÜ×à)Ú$Éx½;GÔa½)½)Â Ò1sÂv¿ªÑTÕ2J ¼6½)Â;d¼vÄ©È$Ä×È$¿z9TÂ6½4Î~½[14Å¼1s:4½ÂC;$¿6Ä©È;d9TÊ;È,;d¼6½9TÊdÄ©:4Ä©Âv1s5©5©Ë
:4½)Âv½)Ê1;d½[¿æÁÍ½[1;E36Êd½[È5%  É@Ë %  %   Ç"94Ä×Èd½248ØÒ ý < áÎXÔS¼6½Êd½  ) Ï Ò ÑÓ"Ä×È1ÊE14Âv¿z94Æ5©Ë:4½Â6½)Ê1;E½¿Êd½[1s58Ã1s5©36½4Õ
 TxC 
 6 @4Hh6 T 
+T : GCh@ 
OBt<h@8 HG/B C=698 <h@ : 4GC=@
B9<,8 <=HG 8 S  @fCh6 
I>
 @ C=6
: C : <h@ B G/B @ B9H>F8  8TBDC=GT 









Å)1sÂÉM½lÄ¥Â@Ã4½[ÈG;EÄ¥:C1;E½¿É@ËÈ½);;dÄ©Â6:;d¼6½,Çv1sÊ1sÆ½);d½)ÊRÜõßxÝ ò Þ ö    ò óvÚÄ¥ÂÅ94Æ.É6Ä©Âv1;EÄ¥9TÂÔSÄZ;E¼
!"$#    ò óvÚ~1sÂM¿ß%! eÚ ò'& MÕ»¨¼v½Çx94Ç6365×1;EÄ¥9TÂ;d¼6½ÂÔSÄ©5¥5T:4ÊE9ÔìÄ©ÂvÅÊE½)Æ½ÂT;1s5©5¥Ë,Ä©Â$½14Å¼$Âv½)Ô




O:  S T9>
IC 
IC0T,8T<  
O8 C=6 > 





ÉM½½)Â 3MÈ½[¿ ¿zÄ×ÈG;EÄ¥ÂMÅV;dÄ©Ã4½5¥ËTÎ2È½½RøMÕaÑ4Õ P;Ä©ÈJÄ©ÂC;d½)ÊE½È;dÄ©Â6:y;d9Ä¥Â@Ã4½[ÈG;EÄ¥:C1;E½;d¼6½½VKx½[ÅV;9sÁ
Ãc14ÊdË@Ä©Â6:.;d¼6½$Æ½;E¼69z¿6ÈSÔSÄ¥;d¼ÔS¼6Ä×Å¼ç;d¼6½$Ç6ÊE9s;E9s;GË@Çx½È¨1sÊE½ÆJ9ÃT½¿8Õ
» @Ä©Æ 145¥5©9Ô"Èa;d¼6½$½)èzÇM½ÊdÄ©Æ½)ÂC;d½ÊS;d91s5¥;d½ÊS;d¼v½$36Çx¿v1;d½;GËCÇx½$É@ËÃ1sÊEË@Ä¥Â6:J;E¼6½Çv1sÌ
ÊE14ÆJ½);d½ÊXó  þ6î ö Ú)Õ[»¨¼v½¿z½Á14365¥;¤Ä×ÈPÅ½)ÂC;EÊd½)Ì>94ÁõÌ>Æ14ÈEÈ=¥ÎV94;d¼6½ÊEÈ~14Êd½PÈdÄ¥Æ.365©1s;d½[¿$1sÂ6Â6½[1s5©Ä¥Âv:I©Î
P Ô¨1s5©ëD61sÂv¿ P Â694Â6½¥Õ eÂÀÈÄ©Æ365×1;E½¿1sÂvÂ6½145¥Ä©Â6:vÎ@;E¼6½$Ç6ÊE9s;E9s;GË@ÇM½ H Ä×ÈSÆ9Ã4½[¿;E9Ôa14ÊE¿;d¼v½
ÁÍ½1;E36ÊE½$Ã4½Å;d9TÊ E ÉCË H ®Ø E < H á4
	 	 Î6ÔS¼6½Êd½ ®Ñ Ò.Ä×È¨;E¼6½$Ä¥ÂvÄZ;EÄ©145~;d½ÆÇM½ÊE1sÌ;d36ÊE½RÔS¼6Ä×Å¼¿z½[Å)1cËzÈ2ÔSÄ¥;d¼  Ò+ ê4 1sÁõ;d½)Ê½1TÅ¼36Çx¿v1;d½l9sÁ H Õ eÂÔ¨1s5©ë;E¼6½RÇvÊd94;d9s;GË@Çx½
Ä©ÈÆ9Ã4½[¿&É@Ë H  46Ø E < H áVÎ8ÔS¼6½Êd½
 Ò  Ò6Ñ.Ä©È1Å9TÂvÈG;1sÂC;$ÈG;E½)ÇzÌeÈÄ)½TÕ eÂyÁÍ3z;E36ÊE½Êd½5¥½[14Èd½Èa9sÁ2» @Ä©ÆÎ6Ä¥;"ÔSÄ¥5©5~Éx½$ÇM9CÈdÈdÄ¥Év5¥½,;d9Ã1sÊEË;E¼6½Å9TÂvÈG;1sÂC;EÈ 1sÂv¿[Õ
 69GC @ <Ch6 8;8,8THC 







 QJÎ QNQ 94Ê /Q ¿z36ÊEÄ©Â6: 1æÈdÄ¥Æ.365×1;dÄ©94ÂÎ94Âv½
Å)1sÂÈd½)5©½ÅV;¨;E¼6½$:T14ÆJ½3vÈdÄ©Â6:J;d¼6½Çv14ÊE14ÆJ½);d½Ê ñ ïÚ@þzî ö ÚÕPÁn9TÂ6½ÔSÄ©Èd¼6½[Èa;d9Ä¥Â@ÃT½È;dÄ©:T1;E½
;d¼6½&½VKx½[ÅV;9sÁ1s5©5¥9ÔSÄ©Â6: 1s:T½)ÂC;EÈ.;d9 Ã1sÊEËü;E¼6½:T1sÆ½[ÈÉM½);GÔ½½)Â 
 QJÎ,QNQ 14Âv¿jIQ÷Ä©Â
94Â6½,ÈÄ©Æ365×1;EÄ¥9TÂ~ÎC94Â6½lÆ3vÈ;aÈd½;;d¼6½,Çv1sÊ1sÆ½);d½)Ê  ò ïÚVà    ò óvÚ)Õz»¨¼6½)Â94Â6½,Å)1sÂÃc14ÊdË
;d¼6½ÇvÊd9TÉv1sÉ6Ä©5©ÄZ;EÄ¥½[ÈSÔSÄZ;E¼ÀÔS¼6Ä×Å¼À1sÂ 
 Q94ÊQNQ Ä×ÈSÇ65×1cË4½[¿çÉCËÈd½;;EÄ¥Âv: ö 1sÂv¿ ö ! Õ
»¨¼6½ìÇvÊd9TÉv1sÉ6Ä©5©ÄZ;GË ÔSÄ¥;d¼ ÔS¼6Ä©Å¼ ;d¼6½ /Q Ä×ÈçÇ65×1cË4½¿ Ä©È1s36;d94Æ1s;dÄ×Å)1s5©5©Ë Å1s5×Å365×1;E½¿ É@Ë
" $# Ñ < "&% # < " ##Õ eÂª94Ê¿z½Ê.;E9 Ä¥Â@Ã4½[ÈG;EÄ¥:C1;E½;E¼6½&14¿6¿z½[¿ ½VKx½[ÅV;9sÁ,5¥½[1sÊEÂ6Ä©Â6:Ä¥Âü;E¼6½IQ ÔSÄZ;E¼æÊd½[ÈÇx½Å;;E9&;d¼6½;GÔa9&9s;d¼v½)ÊJ:T1sÆ½[È)Î~9TÂ6½Å1sÂ ;E36ÊdÂ 9Kª;d¼6½¼6½14Êd½Ê= È
14¿614Çz;E1s;dÄ©94ÂçÄ¥Âç;d¼v½Z/Q®É@Ë¿6½Èd½)5©½ÅV;EÄ¥Âv: Tô  ö      Õ
' (ì¶³R¹2¸'@ºG¶³
»¨¼6Ä©ÈìÇv14ÇM½ÊyÇ6ÊE½Èd½)ÂC;EÈì1sÂù9ÃT½)ÊEÃCÄ©½)Ô 9sÁ;E¼6½ÊE½Å)½)ÂC;d5©Ë Êd½5¥½[14Èd½¿ ÈÄ©Æ3v5©1s;dÄ©94Â ;d9@9T5¥ë@Ä¥;
» @Ä©ÆÕ(»¨¼vÄ©È;d9@945©ë@ÄZ;[Î(ÔS¼6Ä©Å¼ Ä©ÈJ1yÈdÄ¥Æ.365×1;dÄ©94Â 9sÁS;d¼v½ç»n1s5©ë@Ä¥Â6: "½1T¿6È.½èzÇM½ÊdÄ©Æ½)ÂC;Î
Å)1sÂ&Éx½3vÈd½¿É@ËçÄ¥Â@ÃT½È;dÄ©:T1;E94ÊÈ¨ÔS¼6914Êd½$Ä©ÂC;d½)ÊE½È;d½[¿Ä¥Â&:TÊd9T36Âv¿z½[¿ç5¥½)è@Ä×Å9TÂÁÍ94ÊEÆ1;dÄ©94ÂÕ





) ¹/S³"¶+*  ¤·!u )t³´/'
»¨¼6Ä©ÈRÇv1sÇx½)ÊlÔa1TÈSÔSÊEÄZ;d;d½)Âì¿z36ÊEÄ¥Â6:17RÄ×ÈÄ¥;dÄ©Â6:ú"½Èd½1sÊÅ¼ M6½)5©5©9Ô"È¼6Ä©ÇÀ1;R;d¼6½X1sÂv:43v14:4½
RXÃ49T5¥36;dÄ©94Â®1sÂM¿ 94ÆÇ63z;1;dÄ©94ÂúS½Èd½14ÊEÅ¼ùÖ"ÂvÄZ; 9sÁ;E¼6½ÖRÂ6Ä¥ÃT½)ÊÈÄ¥;GË 9sÁ R¿6Ä¥Â@É636ÊE:4¼Î
1cÔa14ÊE¿z½[¿É@Ë;E¼6½úS9ËT1459@9zÅÄ©½;GË94Á,R¿zÄ©Â@É636ÊE:4¼y14Âv¿;d¼v½ a145¥½[¿z94Â6Ä×1sÂzÅÄ©½)ÂvÅ)½.Mv9436ÂzÌ






e ma=_v=mawvFid\v(}),^4_GF¥?4N[Y[\4`Q\Mrp[p ] i6(}),^T_GFZ?4N[YS`a=TFIbcYE_GOeFD>fh8_GYOeOi
¯siS¬Ri¤m¤_GFIN[{DGH[=vi nH[$zHOeFIDGFIH=@}WOPf4=D})oÀK©_GH'BACWDGA4_}WXDe_}=COe$FIOeOeFIH[=vi1Q+bdc 9n cfa=g2c mwid\
] ^Pr{* ¯[t«4t-T\v¯)q[qc¯i
u4i  i(}=TN[YWIH[OeFT}=C?"}li)h8})_GFIOeFõi@]({TYnY$YE_GNY=CBEYnHK&[WZ}=TN[AC}N[Y &SFZ=l}=RYbcHWIb4FI=TNzHCACWZ}DGFZH=
H)K8=CYEAT_}Wv=CYdD>U(H)_ sOi
 eV_?_/iln bdcfeV_Tn c i*_n+id\MrVq ] u«spu4\8rp[p ] i
-Ti  i,(}=CNYWIH[OeF})=@? }lih8}_GFZOeFõ\,YV?TFDGH_GOic mg
a=bdc _Fvjb y?i	gkVehg mbdcfe=_e mOa=_Fv=m?arvFidi
­sT_GFI=CNYE_V\CLMH[=C?TH=M\C¯qqc¯si
tsi"]ai ixnHbcYE_¨}=@?hji wXi6¬a})_eDViS|YV})_GYOPD¨=CYFIN[{s^zHAT_¨C})DeDGYE_G=BWZ})OeOeFI£CBV})DGFIH=Mi+_ bdc bdmb4iNe m
	gUiln bLQ*cdn+a=g&a=_k	gUiln bLQle=_cfn	 _v=c _i i4Q$QlaV_*a n bdcfe=_Ne=_+_xmre	QNaVbdcfe=_ yi eQ*z)\~rVu ¯rd«
¯ W \vrVp 5W i
5 iR­zi4¬¨})_G=C}[?6i]({CYSOPf4,^zHWvN)_GH[AT=@?TFI=TNT_GH^CWIYi"! yz# cfn a%$S\V-¯F uuct«su	- 5 \~rVpp[qsi
W i4i6Riz¬AT_eK©H_?viamnFIH[WIHN[FIBV}W¤YbcHWZA4DGFIH[=HKDG{CYROG}ATOeOeAT_GYV})=OeFIN[=}O¨}BEH[$zH[=TY=DaH)K¤DG{TY
WZ})=CN[AC}NYl})BV°ACFIOeFDGFIH[=?4YbsFZBEY[i&c _Fv=m?a)\ W	W \ ¯Ir ]W «s¯[¯[¯\~rVp ] p4i
] i&ni)Q"})CWZ}=vi'(*)i7i4QdvFi*_n+ik+( m_7gUi*,=c.- m?i k aV_ m_/iZSe4STmg
a=bdcfeV_ k+( awvFi*_?b&aVmb eV_e#Nii@h{}
DG{TYOeFIO\@LM}^zH)_})DGH[F_GYl?d FI=TK¥_GH[})DGFZ°ACY¨?TYSh8}_GFZO 5 \z¯qq[q4i
p4iR­ziQSF_G^fiM­4zH[=D})=CYHACOnYEbcH[WIATDGFIH=H)KxWIFI=CNACFIOPDGFIBaOPDe_GATBEDGAT_GYh}=FIDGYd_})DGYV?$WIYV})_G=TFI=CNR$Hs?TYW
H)KCDG{TYnY$YE_GNY=CBEYnHKT_GYN[ATWZ})_GFD>fR})=@?"FI_e_GYEN[ACWZ}_GFIDgfi/0	"		1$Q`a=_*a n bdcde=_,e=_2	gkVehg mbdcfe=_Ta	Q+z
 e3STmb a=bdcfeV_C\6t^¯h{*IrVq[¯V«Cr[rVqs\M¯qq4r[i
rq4iR­zi4QSFI_G^fi8|a})DGA4_}WvW¥})=CNA@}NYSK©_GH[ }_eDGFI£CBFZ}WMWZFK©Y[i41Q+bdc  n cfahg&c mwid\ ] ^Íu {d\6¯)q[q[¯si
rr[ii2kaWIFZT{@})=sDVi ]({CYWIYV})_G=TFZ=TNÀ^@})_e_GFIYE_wcJHb4FI=TNÀK¥_GH[ FI=C=@}DGYDGHÀWZY})_G=CY? OPfTOPDGYE$OH)K
BEH[$,AT=CFIBV}DGFZH=Mi"uk a4STbdcyk=i65 i ya	kwcde	Qd\ W ^ÍuV| - {* u W r«su ] -T\8rp[p[psi
rV¯si  iO}liZi8­4$FDG{Mi.w~OPD}^CWIFIOe{CFI=TNBEH[$,AT=CFIBV}DGFZH=çOPf4OPDGY$OSUXFDG{CHATDlYEo4CWIFIBFDl$Y}=CFI=TN
De_})=COe$FIOeOeFIH[=vi<>=TixQSYWIY$Y=À})=@?hji~­sH[O7F
z\8YV?4FIDGH)_GO\!gQlewn+i i kVc _v#.e mNb y?i98Vb y	mNQle	R
Sila=_: e=_xmri4Q i*_n+i e=_1Q*bdc 9n cfahg;2c mwi</	6+4>=;?@?@A)\4Lv|  <~¯srVtp4\sC}NYO(u ] rd«u[pq4\TmnYE_GWIFI=
¬YFZ?TYWI^zYE_GN4\z¯)q[qsr[iv­sT_GFI=CNYE_l|CB¤YE_GWZ})NTi
ru4i"L~i6­DGYYWIOiw$Yd_GN[Y=Da}[?C})TDGFIbcY"WIYEo4FIBH[=TOiX<>=hji })YO\6YV?TFDGH)_V\EDdQle3F,_cNahg  b e,_?cLR
Sa=bGIH'J@!gQlewn+i ilk=c _v# e m b yiDe=mNQ*b y6+_b4i4Q*_Ta=bdcfe=_Tahg' e=_xmwi4Qli*_n+iLK _%c mg
a=bdc _v4,kha4STbdclk=i
5 i ya	kwcfe	Q\6(}),^4_GF¥?4N[YM}siI\xrVpp 5 i6]({CYJ<>] h8_GYOeOi
r-Ti"L~i)­sDGYEYWIOiy?i6ahg sVc _Fv4M"ila k#	",4Si4Q+cNi*_?bGNO?e=g m;Ni4A@N"P eQlk#9a=_kQila=_c _v#Gi4­szYBFZ}W
4_GY |YV?TFDGFIH[=K×H)_¨L  m2ka  ]Xka<>`*\  =DgU(YE_GzY=v\6rVp[pp4i
rVtsi"hjiRBH[N)DVijmnHH)DGOPDe_}TCFI=CNN)_GH[AT=@?TY?OPf4l^zH[WIOn^f$$FI=CFI})Wz}A4DGH[=CH$H[ATOn_GH[^zH)DGOiS	gkVehg mOR
bdcde=_ e m e#% m_cfn a=bdcfe=_T\$-^Pr{* ] pV«@rr ] \M¯)q[qq4i
r 5 i"hjiBH[NDVi  _GHAC=C?TYV?yWZYdoTFIBH=K×H)_G})DGFIH[=ìUXFIDG{TH[A4D.YdoTTWIFZBEFID$YV})=CFI=CNDe_}=TOPK×YE_w¤UX{CHV O
D})W
4FI=TN,DGH,UX{CH@TJ<>=U!cQ`ewn*i ilk=c _Fv#e mV	6+4~\@¯qq[u4iDG{CFIOXbcHWZAT$Y[i
r W i"hji3BH[NDVi4<DGYE_})DGYV?RWIYV})_G=TFZ=TNS}=C?lN)_GH[AC=C?TFI=CNK©_GH[ {TH[WIFIOPDGFIB(DGH¨BH[$zHOeFDGFZH=@})WTWZ}=TN[AC}N[YEOi
<g=:!cQ`ewn*i ilk=c _Fv#7e mb yi
	 mNQle4Sila=_WmR%7i4Q2n+yewe=g&c _XOe v=cfn<"a=_v=mawvFi7a=_kY+_mre	QNaR
bdcde=_C\@¯qq[u4i
r ] i"hjiRBH[N)D2}=C?¬Ri4nH[AT}=TOix<g=4b[YOPDGFINc})DGFI=TNlOeHBFZ})WMFI=DGYE_}BdDGFZH=.OPDe_}DGYN[FIYO2K©H_2^zHH)DGOPDe_}|
TFI=CNWZYdoTFIBH=?4YbcYWIH[T$Y=DViZe=mNQ+_ahgVmre	Q1Q*bdc  n cfahgewn cfi*bdc iNa=_Tk[ewn cfa=gSc mg
a=bdcde=_C\
5 ^Pr{d\@¯qq[u4i¤{DeDG hl]e})OeOeOi OeHBi OeA4_e_GYEfi }B[i A6i
